Background: Although the ezetimibe-statin combination has been shown to reduce LDL cholesterol by 12% compared to a statin alone, its effect on hard clinical endpoints such as mortality is less certain. Prior trials evaluated this combination in highly select population groups, but impact on all-cause mortality in the general population has not been reported.
Introduction
Ezetimibe is a cholesterol lowering medication that works by blocking enteric and biliary absorption of cholesterol, although its exact mechanism of action and affect on various other body systems related to atherosclerosis are under debate [1] . Approved in 2002, Ezetimibe in combination with a statin has been shown to reduce LDL cholesterol ((LDL-C)) 15% more compared to a statin taken alone [2] . Ezetimibe as a monotherapy has been shown to reduce LDL-C by18 % when compared to a placebo [2, 3] . Because the association between LDL-cholesterol reduction and decreased cardiovascular risk has been clearly established, ezetimibe was assumed to possess clinical efficacy and became routinely prescribed [4] .
Although the effectiveness of ezetimibe in lowering cholesterol has been demonstrated in several studies, its clinical efficacy has been called into question following the ENHANCE trial (Ezetimibe and Simvastatin in Hypercholesterolemia Enhances Atherosclerosis Regression) which showed that there was no difference in the carotid intimamedia thickness in patients taking simvastatin and ezetimibe compared to those on simvastatin alone, despite having reduced overall total cholesterol, LDL-C, triglycerides , and C-reactive protein [5] .
Other studies that followed yielded conflicting results with SANDS (Stop Atherosclerosis in Native Diabetics Study) and VYCTOR (Vytorin on Carotid Intima-Media Thickness and Overall Arterial Rigidity) demonstrating a reduction in carotid intima-media thickness. However the ARBITER 6 HALTS trial (Arterial Biology for the Investigation of the Treatment Effects of Reducing Cholesterol 6-HDL and LDL Treatment Strategies in Atherosclerosis) showed no improvement in intima-media thickness with the addition of ezetimibe. Further, the impact of ezetimibe on hard clinical endpoints such as mortality and cardiovascular events has not been proven till date [6] [7] [8] . Two studies Manuscript accepted for publication April 8, 2013 a (SEAS: Simvastatin and Ezetimibe in Aortic Stenosis, and SHARP: Study of Heart and Renal Protection) that demonstrated reduction in major cardiovascular events involved comparison of patients taking a combination of a statin plus ezetimibe versus those taking a placebo alone [9, 10] . The true clinical effect of ezetimibe can only be inferred by using a comparison group that takes a statin alone.
We therefore conducted a retrospective cohort study to compare differences in all-cause mortality between patients taking ezetimibe and a statin, and those on monotherapy with a statin alone.
Methods
A flowchart of cohort assembly can be found in Figure 1 . The University of Kansas Hospital Mid-America Cardiology database of electronic patient medical records was used for this study. The study was carried out after obtaining approval from the human subjects committee and waiver of consent for data retrieval.
All social, demographic and clinical variables were obtained from the electronic database. Baseline lipid values of all patients on a statin prior to initiation of ezetimibe were also retrieved. Study population; Patients who were not diagnosed with dyslipidemia were excluded, and only patients who were prescribed a statin were included. Patients taking combination ezetimibe and a statin (group 1) were compared to those prescribed only a statin (group 2). In order to account for differences in prescribing patterns due to the novelty of ezetimibe, patients who were prescribed either medication before January 1st 2005 were excluded. There was a dramatic fall in ezetimibe prescriptions after articles with negative and inconclusive findings were published, therefore new prescriptions after January 1st, 2008 were also excluded [5] .
Follow-up: All patients were followed until January 2009. Patients who were on either medication for at least 1 year and died during this time period were noted.
Endpoint
The study's primary endpoint was all cause mortality.
Statistical analysis
Continuous variables between the groups were compared using unpaired t tests or Wilcoxon two-sample tests depending on whether the variables were normally distributed, and categorical variables were compared using two-sided chi square tests. Characteristics between patients prescribed or not prescribed ezetimibe are compared using the same methods. Odds ratios were calculated using logistic regression and 95% confidence intervals. Logistic regression modeling was done to determine whether measured variables predicted if a patient had greater odds of being prescribed ezetimibe, and stepwise logistic regression was used to determine the optimal model. Odds of mortality were then calculated for each variable using logistic regression. All variables were put into a full model to control for confounding, and stepwise regression was used to determine the optimal model Statistical analysis of the data was performed using SAS version 9.1.3 (SAS Inc, North Carolina, USA). Statistical significance was considered present when P < 0.05.
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Results
There were some significant differences between the groups ( Table 1 ). The ezetimibe plus statin group was younger (P < 0.001) and had lower HDL-C levels (P = 0.050) with higher incidence of coronary artery disease (P < 0.001) and CABG procedures (P = 0.019) in comparison to the statin only group. Hypertension was more prevalent in the statin-only group (P = 0.004). There was no difference between the total cholesterol (P = 0.785) or LDL (P = 0.116) between the two groups at baseline. Logistic regression was used to determine whether certain characteristics increased the odds of a patient being prescribed ezetimibe (Table 2) . Using stepwise regression, three variables significantly changed the odds. Patients with higher HDL levels had lower odds of being on ezetimibe in addition to a statin. Patients diagnosed with hypertension were 19.5% less likely to be on both medications, and those taking omega-3 were 69% more likely to be taking ezetimibe.
The odds of mortality based on the measured demographic variables, cholesterol levels, disease diagnoses, cardiovascular procedures, and cardiovascular medications were each calculated independently using logistic regression (Table 3) . No survival advantage was seen with ezetimibe added to a statin (4% in both groups). When controlling for all measured factors, advancing age, a history of smoking, hypertension, a lower HDL level, having diabetes, taking beta-blockers, taking diuretics, and not taking omega-3 fatty acids were all significantly associated with mortality. Ezetimibe dropped out of the final model and was then added back to find a final odds ratio. As could be predicted from looking at Table 1 , a patient who takes both ezetimibe and statins was not found to benefit with regard to all cause mortality from a patient taking only statins (OR 1.067, 95% CI: 0.713 -1.598). Omega-3 fatty acid use (OR 0.554, 95% CI: 0.373 -0.823) or a higher HDL-C (OR 0.974, 95% CI: 0.959 -0.989) emerged as significantly protective of all cause mortality.
Discussion
This study adds to the growing body of evidence that ezetimibe may not provide substantial outcomes benefit in the treatment of hyperlipidemia. Our data indicate that there is no apparent mortality benefit for ezetimibe over mid-term follow up after one to three years of use.
Two trials where ezetimibe has been shown to have clinical efficacy are the SEARS and the SHARP trial. In the SEAS trial (Simvastatin and Ezetimibe in Aortic Stenosis) which compared patients on simvastatin 40 mg and ezetimibe 10 mg to those on placebo, fatal and nonfatal myocardial infarctions were significantly reduced with associated reductions in LDL-C. The SHARP trial demonstrated a 17% reduction in major atherosclerotic events. However, both these trials involve use of a statin and ezetimibe in comparison with a placebo and the observed clinical benefits could be due to the statin alone [9, 10] . In contrast our study compares the mortality benefit in patients taking statin and ezetimibe against those taking statin alone. To our knowledge ours is the first study that attempts to look at the clinical efficacy of ezetimibe in comparison to a statin alone and demonstrated no additive benefit for using ezetimibe.
Ezetimibe works by inhibiting the cholesterol absorption in the jejunum while statins work by inhibiting cholesterol synthesis by inhibiting the enzyme HMG CoA reductase [12] . Reduced hepatic synthesis of LDL-C by the statins results in up regulation of hepatic LDL receptors and consequent increase in uptake of LDL-C from the blood resulting in reduced serum LDL levels [13] . However, these effects also result in enhanced cholesterol absorption. Thus ezetimibe which acts by inhibiting cholesterol absorption in the jejunum is supposed to have a complementary mechanism of action to that of the statins and the combination has been shown to achieve LDL-C reductions that have not been possible with statin monotherapy alone. However, these reductions in LDL-C have failed to demonstrate clinical benefits as seen in the ENHANCE and the ARBITER 6 HALTS trials [5, 8] . Thus the randomized control trial (IMPROVE IT) which is testing clinical events in acute coronary syndrome patients on ezetimibe in addition to intensive statin treatment is highly anticipated. Limitations: Though this study indicates a lack of clinical efficacy for ezetimibe, it does face several limitations. Despite the large sample size, the data only comes from one group of cardiologists at one medical center and is retrospective. Our study did not include lipid values following administration of ezetimibe. Thus the benefits of LDL reduction could not be demonstrated in our study. However the primary aim was to look at the clinical endpoint of mortality as LDL reduction by ezetimibe has already been well estab- 
Conclusion
No significant mortality benefit was found with the use of ezetimibe in combination with a statin. Further randomized trials investigating the clinical efficacy of ezetimibe in the general population are needed.
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